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Rail fastener defect detection is the key to ensure the high speed railway train transportation safety. With the development of high-speed and heavy-duty train, traditional method by manual detection can not meet the needs of the safety for train running. Based on the development of the image and pattern recognition technology, automatic detection of railway fasteners defects has become possible. In 2009, our country launched the "836 " project plan focus on research and development of ultra high speed railway train. Automatic detection of rail fastener defects is the important part in this plan [1] . Nowadays, foreign technology about automatic detection of rail fastener defects is relatively mature. But the type is different with rail fasteners in our country, the method is not applicable to our railway system. In our country about the study is still a preliminary research. Hao Feng et al. [2] put forward to determine the location to the rail surface position and orientation to the sleeper position based on fasteners' mutual information. Then, they calculated the defective fasteners by using template matching method based on gray level and gradient distribution characteristics of rail surface area. Haibo Zhang et al. [3, 4] realize the state of the fastener pattern classification by using a structured light on fasteners. The process includs the line search method, etc. . Yang Jinfeng et al. [5] , first, 4th International Conference on Mechatronics, Materials, Chemistry and Computer Engineering (ICMMCCE 2015) presented a new algorithm about detecting parallel lines. It is used to detect fasteners positioning. Then, they uses the oriental field algorithm to identifying the target fastener state based on statistical information. The algorithm reduced the dependence on image quality, but it had the higher requirements to the fastener template. Although, there are some studies about this, it still can not meet the requirement of detecting about rail fasteners defects.
Aimed to solve the question, a new automatic method was presented base on machine vision. The new method has the advantage of non-contact, high speed, high accuracy, high intelligence, high adaptability, etc. Based on the existing research results about fastener detection, the system need to solve the overall design of the detection system, and the algorithm for detecting, recognizing, classifying fasteners. The overall design of the detection system flow chart is given as Fig.1 . Fig.1 Flow chart of overall design for the detection system The new method realize the precise localization of fasteners based on the improved Canny algorithm combined with extracting straight line rely on Hough transform. All various kinds of images under different working conditions were gotten by the camera under the train. Fusion LEP and HOG features were extracted as the input values of SVM. The SVM classifier is trained by offline. Then, we can get the accurate classification of the positive fasteners and the negative fasteners. The experiment shows that an average of 98.9 % precision has been achieved for detecting and classifying the detective rail fasteners. In addition, the proposed algorithm is more robust than several mainstream methods and can meet the need of automatic inspection of fastener defects．
The video collecting and processing system is as Fig.2 .
Fig.2 Flow chart of fastener detection system

Fasteners positioning
Accurate positioning of fasteners is the key to detect the real edge information of rail and fasteners. The common edge detection algorithms are Sobel, Laplace, Canny. Canny operator compared with other operators. It can obtained the complete edge information and get better balance between noise suppression and edge information. However, hysteresis threshold is the disadvantage of Canny operator. So improved Canny edge detection operator was adopted in this paper.
The theory of improved Canny edge detection operator. Now various kinds of high-speed track inspection cars have been developed. The video image was captured by onboard camera. The key of this paper is to improve the image processing algorithms based on existing algorithms. Because fasteners' edge characteristic is obvious and main characteristics. We need to acquire the edge characteristics. Edge detection is the foundation of other processes. Canny operator for edge detection is the best method to obtain the complete information. Dynamic threshold of Canny was selected to make sure the adjustable and accurately edge .Then we can extract straight-line based on improved Hough transform to realize the accurate fastener positioning. The basic principle of Canny operator [6] used gaussian filter to smooth images by the convolution operation, and look for local maximum values of the image gradient to determine the edge. In general, algorithm can realize edge detection with double threshold detection and edge connection. However, the existence of false edge detection effect and noise double threshold setting can not effectively remove the false edge.To take into account the image threshold transform, this paper the accurate edge information by using edge subtraction based on Canny double threshold algorithm. Its principle is used two kinds of threshold to detect the edge information. First, we can set the high and low threshold to get the complete information of fasteners and steel rail based on the gray-level histogram. The image was labeled Canny1. Then, the noise information of images were gotten by setting the high and low threshold based on the gray-level histogram. The image was labeled Canny2. Finally, we can get the accurate edge information by subtraction operator between Canny1and Canny2. The key of operator is to accurately calculate gray-level histogram.
Extracting straight line based on Hough transform.
To extract straight line of the edge image based on Hough transform.The basic principle of Hough transform [7] is point-line duality. Considering the point-line duality rather wasteful device, it was replaced the slope-intercept formulation with the so-called "normal" (  , ) form for the straight line: and remove the maximum of pixels and its neighborhood. Finally, by judging whether there is a linear and whether the linear is repeated. If the linear is not existent, the program will start a new cycle to search biggest image threshold. If the linear is existent and is not repeated, the program will directly output the linear. At this time, rail fastener area can be gotten. The flow chart of rail fasteners positioning is shown as Fig.3 . The result of positioning is given as Fig.4 . 
Extracting Feature of rail fasteners
Extracting Fasteners feature [8] [9] [10] [11] [12] is the foundation of recognizing and classifying fastener defects. In this paper, considering the characteristics of the fasteners, the advantages and disadvantages of HOG feature and LBP feature were analyzed. Finally, fusion of LBP and HOG feature was adopted to recognize and classify fastener defects.
Extracting LBP Feature. LBP [13, 14] (Local Binary Pattern, Local Binary Pattern) is a kind of operator which used to describe the Local texture feature of the image.
It initially defined within the window of 3*3. The center pixel was used as the basal threshold. Compared the adjacent eight pixel gray value with the basal threshold value. When the adjacent eight pixel gray value is greater than the center pixel value, it will be marked as 1. Otherwise, it will be marked as 2.
The simple computing method and the good detection effect are the advantage of this operator. Besides, the operator is not sensitive to light. But it is more sensitive to noise.The schematic diagram is shown as Fig.5 . The original image and the results are shown as Fig.6 and Fig.7 . In view of the advantages and disadvantages of LBP and HOG features and fasteners special edge character, the fusion of LBP and HOG feature [16] was used to extract different types of fasteners characteristic value. The characteristic value will be as the input of the SVM to realize the classification of fasteners defects. Fastener original image and the inspection result images by the fusion of LBP and HOG feature under various working conditions were shown as Fig. 9 and Fig.10 . 
Analysis of experimental results
Support Vector Machines ( SVM) [17] theory is proposed for binary classification.The classifier of fusion of many features can be founded by combining multiple binary classification on the basis of the Support Vector Machine (SVM).Considering the fasteners defect characteristics, this paper adopts the classifier of fusion of many features algorithm to classify fasteners defects. First, the main classifier were trained by 5000 positive samples pictures and 1000 negative samples pictures collected to establish the main training images. Then, randomly selected 2000 pictures was used as the input of the SVM to classify the fasteners defects. The detailed procedure was shown as follows: Table 1 .
The experimental results revealed that: the accuracy and real-time performance of our method than the other two methods has been effectively improved. Different computer configuration affect the real-time detection. Because of the limitation of laboratory, the speed of inspection is to be solved for future study on this problem. But I hope it can have a certain reference value for future scholars to research. 
Conclusion
Rail fastener defect detection method based on machine vision research.First of all, set up a kind of based on the improved Canny edge detection and Hough transform line extraction method, realize accurate positioning of fasteners. This method is affected by the weather and other small.Then using the fusion of LBP and HOG features as the input of the SVM to realize accurate fastener defects recognition and classification, improved the buckle defect recognition rate.Through the above theoretical and experimental results it can be seen that the method has achieved good results in this paper.In the follow-up research work, in order to achieve rapid detection and high accuracy, first of all, to further improve the existing algorithms, improve the efficiency of the algorithm.Able to draw lessons from other university research results inspected platform is the key point of next work.
